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fuel neurotransmission. An interesting implication of this with respect to the object, independently of the whole
object’s position with respect to the observer. This cod-functional arrangement is that glucose utilization, a mea-
ing scheme would seem to provide some advantagessure of neural activity in some forms of human PET
and simplicities over a viewer-centered representation.neuroimaging, may more directly reflect astrocyte func-
In an innovative and important experiment, Olson andtion rather than neuronal function. Of course, this does
Gettner (1995) concluded that some neurons in a regionnot invalidate the use of the method; on the contrary,
of the monkey frontal cortex called the supplementarythe results help define the cellular basis for the success
eye field (SEF) employ this second coding scheme: theyof the technique.
construct an object-based representation of visual
space. For example, a neuron can encode the left endJulian P. Meeks and Steven Mennerick
of a bar regardless of where that bar is positioned inDepartment of Psychiatry
visible space.Washington University School of Medicine
A new study by Deneve and Pouget (2003), published
St. Louis, Missouri 63110
in this issue of Neuron, challenges this conclusion.
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one of them. For example, in a study by Pouget andE., Chatton, J.-Y., Magistretti, P.J., and Pellerin, L. (2003). Neuron
37, this issue, 275–286. Sejnowski (1997) and its predecessor by Zipser and An-
dersen (1988), a model of parietal cortex was con-
structed. Neurons in parietal cortex code visible targets
in eye-centered coordinates—that is, in terms of the
target’s position on the retina—but are modulated by
A Computational Basis to Object? proprioceptive signals about the position of the eyes in
the head. These modeling studies demonstrate that the
outputs of a population of parietal neurons can be com-
bined to represent the target’s location with respect
To use an object, we must be able to perceive the
to the head. A population of neurons can collectively
spatial relationship between the object’s parts. The encode the position of a visible feature with respect to
accepted view of how the brain coherently encodes the head, even though none of the constituent neurons
an object is that some neurons in the frontal cortex can do so on their own. The powerful insight of the BF
employ an object-centered coordinate frame. A new model of parietal cortex is that no neuron need ever
computational model challenges this view, using the explicitly encode space in head-centered coordinates
rich conceptual framework of neural basis functions. in order for the network as a whole to do so. To extend
this point, if the idea that neurons comprise basis func-
How does the brain represent the locations of objects tion networks is correct, then it is no longer sensible to
and their parts? Visual features must be grouped to- ask in what reference frame a given population of neu-
gether into coherent objects to enable us to compre- rons encodes space—representations in many different
hend the world and to accurately guide our actions di- reference frames can be extracted from the network.
rected toward those objects. On the face of it, two In the present study, Deneve and Pouget build a BF
different sorts of strategy could be at work. First, it is network to simulate eye movements directed toward
possible that the position of every feature in the visual particular features of a visible object—the behavior that
scene is referred back to the observer: the viewer could monkeys were trained to perform in Olson and Gettner’s
be, in effect, at the origin of a coordinate frame for spatial experiments. This network accomplishes the feat with-
representation. It is established that many regions of out ever representing the target in an object-centered
the cerebral cortex encode the salient features of visual reference frame. Instead, the goal is encoded by a net-
space in exactly this manner. Second, it may also be work of model neurons that can be said to encode space
that visible objects provide their own coordinate system in eye-centered coordinates, with information about the
object expressed through multiplicative effects (termedand that the positions of an object’s parts are registered
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gain modulations) on the firing rate. (Although, recall Pouget’s research efforts offer a case study into how
that designating a particular coordinate frame for a basis computational neuroscience and neurophysiology can
function network is arbitrary, since these networks rep- productively augment one another. The most intuitive
resent space in a multiplicity of coordinates simultane- strategy for coding objects’ positions in the brain is the
ously.) object-based representational scheme that Olson and
Once Deneve and Pouget introduce their BF network Gettner originally proposed. Through Deneve and Pou-
for object-based saccades, they argue compellingly that get’s modeling efforts, a less intuitive but apparently
constructing an explicit object-based representation is more powerful scheme—a distributed representation of
actually unnecessary and inefficient. To be sure, such the object’s position in a basis function network—is
a representation might be essential for recognizing and shown to be feasible. The critical experiments can then
remembering objects—to convert the retinal image of be formulated.
an object into a size- and orientation-invariant canonical Plenty of questions remain for both the modelers and
format—but it may not be necessary for guiding object- the experimentalists. Regarding basis function models,
based actions. They reason that even if the target is we have yet to see a quantification of how strong the
coded in object-centered coordinates, that information modulatory effects must be to allow a population of
is not sufficient to guide a saccadic eye movement. neurons to constitute a basis set. The mere presence
Further processing must occur before that position can of modulatory influences on neurons’ firing rates is not
be mapped into a command to move the eyes a particu- sufficient—the gain factor might be so small as to be
lar direction and distance. In contrast, that vector of swamped by the inherent variability in a neuron’s firing
saccade can be extracted directly from the BF network. rate, and therefore undetectable by downstream neu-
Deneve and Pouget’s argument demonstrates an impor- rons. Given realistic values for the number of neurons in
tant point: the deep thinking about the behavior of net- a putative basis set and the strength of gain modulations
works of neurons engendered by computational studies relative to neural noise, can cortical neurons feasibly
can lead to insights that contradict some intuitive and act as basis functions? Also, how can BF networks deal
straightforward conceptions of brain function. Certainly, with representing several objects simultaneously? Since
neurophysiologists and computational neuroscientists the read-out from these networks is linear, it seems
have much to gain from one another. independent networks would be needed for each new
Deneve and Pouget’s principal objection to the con- object that is encoded. The physiologists will also be
clusion that Olson and Gettner drew from their experi- busy; no one has ever directly tested a basis function
ment is that some critical tests for true object-centered model. The experiment would be daunting: one would
coding were never performed. If the code is truly object have to record from two neurons simultaneously—one
centered, then SEF neural activity should also be unaf- cell from the putative hidden layer of a BF network, and
fected by rotations and scalings of the object. It was one from the output layer. Will activity in the output
certainly a lofty feat for Olson and Gettner to train mon- neuron depend linearly on activity in the putative basis
keys to saccade to particular features of an object re- function neuron, as the models predict?
gardless of where the object appeared on the screen, The present results of Deneve and Pouget add to the
and their demonstration of position invariance in the corpus of models developed by Pouget and his collabo-
SEF responses does offer the single most powerful evi- rators that demonstrate the versatility of basis function
dence for an object-centered code, but it is not the networks. Clearly, the insights from these models now
whole story. As the computational model clearly demon- merit inclusion in the neurophysiologist’s repertoire of
strates, these data are also consistent with a strictly perspectives on how networks of neurons might oper-
retinotopic response that is modulated by information ate. These models deserve experimental testing, and
about the target’s position on the object. there are certain to be other neural responses that can
Which hypothesis is correct—true object-based cod-
be accounted for with basis function models. The pro-
ing in the SEF, or viewer-centered coding with modula-
ductive interplay between experimental neuroscience
tion by information about the object? To decide between
and computational modeling will doubtless continue.these hypotheses, the objects must be rotated and
scaled, to explore whether the putative object-centered
SEF responses are also invariant under these manipula- Aaron P. Batista
tions. Fortunately, help is already on the way. Recently, Howard Hughes Medical Institute
Sabes, Breznen, and Andersen (2002) searched for ob- Stanford University School of Medicine
ject-centered coding in area LIP (a region of the poste- Stanford, California 94305
rior parietal cortex that, like the SEF, is involved in plan-
Selected Readingning eye movements). They tested neurons in full range
of rotations and found that neurons in LIP encode tar-
Deneve, S., and Pouget, A. (2003). Neuron 37, this issue, 347–359.gets in eye-centered coordinates, with gain modulations
Olson, C.R., and Gettner, S.N. (1995). Science 269, 985–988.due to the orientation of the objects, just as Deneve
Poggio, T. (1990). Cold Spring Harb. Symp. Quant. Biol. 55, 899–910.and Pouget predict. And, a direct comparison of these
Pouget, A., and Sejnowski, T.J. (1994). Cereb. Cortex 4, 314–329.hypotheses for SEF neurons may not be far off. At a
recent conference, Breznen and Andersen (B. Breznen Pouget, A., and Sejnowski, T.J. (1997). J. Cogn. Neurosci. 9,
222–237.and R.A. Andersen, 2002, Soc. Neurosci., abstract) re-
ported that they are now testing neurons in the SEF Sabes, P.N., Breznen, B., and Andersen, R.A. (2002). J. Neurophys-
iol. 88, 1815–1829.when objects are rotated.
Taken together, Olson and Gettner’s and Deneve and Zipser, D., and Andersen, R.A. (1988). Nature 331, 679–684.
